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PENINGKATAN LEBAR JALUR ANTENA TANDUK PIRAMID 
MENGGUNAKAN PENYUAP PENYALUN DIELEKTRIK 
 
ABSTRAK 
Komunikasi satelit memainkan peranan penting dalam sistem telekomunikasi terkini. 
Justeru itu, antena berjalur lebar serta nilai gandaan yang tinggi menjadi sebahagian 
penyelesaian dalam mewujudkan konsep penggunaan frekuensi lebar. Antena tanduk 
piramid adalah yang terbanyak digunakan sebagai penyuap dalam sistem komunikasi 
satelit kerana kesesuaiannya dengan nilai gandaan serta aplikasi berjalur lebar yang 
tinggi. Umumnya, antena tanduk piramid dijana oleh peralihan suapan sepaksi, akan 
tetapi jalur lebar operasi peralihan suapan sepaksi adalah terbatas dan sering 
dianggap sebagai peralatan peralihan suapan yang berjalur lebar sempit. Tesis ini 
menerangkan teknik pembangunan serta analisa peningkatan jalur lebar antena 
tanduk piramid dengan menggunakan penyuap penyalun dielektrik (DR). Pada 
dasarnya antena penyalun dielektrik (DRA) adalah penyumbang utama kepada jalur 
lebar penyuap yang direka. Kesan gabungan dua penyalun menghasilkan pelbagai 
frekuensi dengan lebar jalur 48.15% pada -10 dB yang berpusat pada frekuensi 14.23 
GHz manakala antena tanduk pyramid dengan peralihan suapan sepaksi 
konvensional adalah 13.27%. Penyuap yang direka memberikan nilai gandaan purata 
16.22 dBi dengan fleksibiliti galangan jalur lebar dan ciri radiasi yang bagus dalam 
operasi jalur lebarnya. Antena tanduk piramid meningkatkan nilai gandaan antena 
penyalun dielektrik (DRA) sebanyak 12.34 dBi. Keberkesanan reka bentuk penyuap 
yang dicadangkan telah menunjukkan potensi untuk mengeksploitasikannya dalam 
antena parabola bagi mengesan komunikasi satelit pada 10 hingga 18 GHz. 
Kesimpulannya kerja ini menawarkan alternatif kepada teknik konfigurasi 
penyuapan yang baru, cekap dan mudah untuk antena tanduk piramid. 
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BANDWIDTH ENHANCEMENT OF PYRAMIDAL HORN ANTENNA 
USING DIELECTRIC RESONATOR FEEDER 
 
ABSTRACT 
Nowadays, satellite communications play an important role in telecommunications. 
As a result, high gain and broadband antennas are part of the solution to establish a 
concept of wide frequency usage. Pyramidal horn antenna is most widely used as 
feed in satellite communication and tracking due to suitability for high gain and 
broadband applications. Generally, pyramidal horn antennas are fed by a coaxial feed 
transition. However, there is a fundamental limitation on the operating bandwidth 
(BW) of the coaxial feed transition and is often being considered as narrowband 
device. This thesis describes the development and analysis of the BW enhancement 
feeding technique for pyramidal horn antenna using a dielectric resonator (DR) 
feeder. The hybrid dielectric resonator antenna (DRA) found to be in essence 
contributing the BW of the design feeder. The combinational effect of two radiators 
produces multiple resonant frequencies and provides wideband 48.15% of measured 
-10 dB return loss impedance BW centered at 14.23 GHz, while that of the pyramidal 
horn with conventional coaxial feed transition is 13.27%. The designed feeder 
provide an average simulated gain of 16.22 dBi with flexibility in the impedance BW 
and the far-field radiation characteristics appears to be satisfied within the operating 
BW. The pyramidal horn improved the gain of the hybrid DRA by 12.34 dBi. The 
effectiveness of proposed design and preliminary results of the design have shown a 
potential to exploit the designed feeder to be used in a parabolic antenna for tracking 
of satellites applications at 10 to 18 GHz. In conclusion this work offers a new, 
efficient and relatively simple alternative feeding technique configuration for 
pyramidal horn antenna. 
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CHAPTER ONE 
INTRODUCTION 
1.1 Introduction  
 
Pyramidal horn antenna is widely used for large radio astronomy, communication 
dishes, and satellite tracking. This is generally due to its simplicity in construction, 
high gain, ease of excitation, versatility, and preferred overall performance. 
Generally, pyramidal horn antennas are excited by a coaxial feed transition, which 
determine the BW and the polarization. However, the coaxial feed transition has 
relatively limited operating BW which cannot be used in wideband applications. In 
order to increase the frequency BW, several new excitation methods have emerged, 
and there is still much development possible. This introductory chapter presents the 
main reasons and motivation which contributed for the elaboration of the main 
subject of this thesis which is the development of a new feeding technique for 
pyramidal horn antenna using broadband hybrid DRA to be installed in a parabolic 
antenna for tracking of satellites applications at 10 to 18 GHz.  
 
1.2  Motivation 
The most important devices for satellite communications require broadband antenna 
to establish a concept of wide frequency usage (Coulibaly et al., 2006), and they 
function to receive, decode and convert the electromagnetic waves into electric 
current, or vice-versa. Dealing with space communications require a parabolic 
antenna which can communicate with satellites operating at certain frequency ranges 
for examples 10 to 18 GHz. Sometimes, some of these frequencies cannot be reached 
and a more complex system is needed. Broadband antenna feeds are part of the 
solution.  
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Although pyramidal horn have ease of excitation, which are simply fed either 
by rectangular, circular waveguides or by a coaxial feed (Balanis, 2005, Stutzman 
and Thiele, 1998), their frequency BW is limited. The feed waveguide providing a 
transition from coaxial to rectangular waveguides governs the BW and polarization 
of radiated wave. The operating BW and polarization are determined by a coaxial 
feed which acts as a quarter wavelength monopole antenna, and is backed by a 
quarter wavelength shorted section of the waveguide. Furthermore, the coaxial feed 
transition has limited operating BW and is often considered as a narrowband device. 
In order to provide greater BW for the feed network for pyramidal horn in satellite 
communications, wideband feeder should be developed. Therefore, new integrated 
feeding configurations of pyramidal horn antenna still need to be investigated. This 
work has been inspired by the need for simple construction, high gain, broadband 
operation (suitable for Ku-band application), higher efficiency and quality pyramidal 
horn antenna transition. 
 
1.3  Problem statements 
Numerous coaxial-to-waveguide probe transitions have been proposed over the 
years, nearly all of which have less than 35% of Radio Frequency (RF) BWs (Kooi et 
al., 2003). The experimental study in (Keam and Williamson, 1994) observed that by 
minor adjustment of the probe length and short-circuit distance, it was possible to 
obtain yet a greater BW from the transition. There are a number of requirements 
imposed on the operation of this component. Ideally, it should provide good power 
match between the two wave guiding systems and operate preferably over a large 
frequency range. Some modifications have been made to the probe regarding the 
enhancement of the impedance BW including by employing a dielectric coated 
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probe, a conducting disc attached to the end of the probe and a tuning sleeve adjacent 
to the probe. The design of most of these transitions is however empirical, and still 
challenging to enhance the impedance BW for specified low reflections (Ao et al., 
2008, Hajian et al., 1995). Many types of these transitions are commercially 
available but most of them have been reported to be complex structure for integration 
with other circuits. In some applications, it is favorable to agitate a pyramidal horn 
with a printed-circuit structure. In this case, a transition between the coaxial cable 
and the printed-circuit transmission line can be eliminated, making it easy to 
integrate to horn with printed circuits. There have been some research results on 
pyramidal horn antennas excited by printed circuit structures such as the microstrip 
probe, dipole and patch antennas (Caillet et al., 2010, Methfessel and Schmidt, 
2010a).  
Hence, one of the challenges that are focused in this research is to investigate 
and design an efficient feeding configuration technique for pyramidal horn antenna, 
which can cover wide operational BW between 10 to 18 GHz band. One possible 
solution for achieving BW enhancement is by using a DRA to excite the pyramidal 
horn. DRAs are a practicable solution to obtain larger BWs due to its simplicity in 
design of any 3-D shape, whilst maintaining the size and similar radiation patterns. 
Furthermore, DRA has very small dissipation loss which can handle high power. The 
DRAs are attractive candidates for many types of applications due to their inherent 
merits of high radiation efficiency, wide BW, small size, low dissipation loss, and 
cost-effective applications. Moreover, they offer better design flexibility compared to 
the conventional antennas, which are considered unique characteristics rather than 
conventional metallic antennas. DRAs represent a good potential antenna technology 
for ultra-wideband communications since it is not limited to linear polarization. 
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1.4  Objectives of research 
This thesis introduces the development of a new feeding technique for pyramidal 
horn antenna using hybrid DRA to be used in a parabolic antenna for tracking of 
satellite applications at 10 to 18 GHz. The main objective of this PhD research is to 
investigate the ability of utilizing a single DR with a combination of microstrip fed 
printed monopole. The proposed antenna shall be used to realize a new wideband and 
high gain integrated feeding configuration of pyramidal horn antenna. The specific 
objectives are outlined as follows:  
1. To investigate, design, characterize the compact hybrid DRA with a 
combination of multiple radiators, microstrip fed printed monopole 
and DR in order to increase the operational BW. 
2. To integrate the designed hybrid DRA into pyramidal horn antenna as 
a feeder, while still exhibiting the increased BW properties. 
3. To measure the performance of a new integrated hybrid DRA feeding 
configuration for pyramidal horn antenna in terms of the BW and gain 
capabilities. 
 
1.5  Research flow and limitations 
A systematic approach was employed to achieve the research objectives of this thesis 
work. The research reported in this thesis is focused on the BW enhancement of 
pyramidal horn antenna using DR feeding technique. In the first part, two different 
compact hybrids DRA designs are proposed to show the BW enhancement 
properties. A combinational of multiple radiators technique was employed by using 
microstrip printed monopole and a DR. A printed monopole antenna is design to 
operate at the lower end of the desired frequency band, while the compact circular 
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sector DR is designed so that the DR resonant occurs at the upper end of the desired 
frequency band (i.e., 10 to 18 GHz). In the second part, only one of the designed 
hybrids DRA was used to excite the pyramidal horn antenna as a feeder. The target 
frequency band of the design is limited to the ranges that cover from 10 to 18 GHz. 
In the last part, the performance of the BW and gain were measured and compared. 
The objectives of the research have been accomplished by following the 
methodological procedures as illustrated in Figure 1.1: 
• Theoretical study and review of the coaxial to rectangular waveguide 
transition and DRA structure were done to provide insight into DRAs. The 
mode structure of different geometries is studied including knowledge of the 
current state-of-the-art, as well as capabilities and limitations of different 
designs were understood. Particular attention is given to wide operational BW 
capabilities using a combination of multiple radiators technique, microstrip 
fed printed monopole and DR, as this is a turning point of this research. 
• Simulations of the DRAs are carried out using a 3-D time domain finite 
integral technique power modeling software CST MS  to increase the skill 
with the software and to evaluate whether the results obtained from the 
literature could be reproduced. Once the simulation method is satisfactory, 
investigations into designs that presented with wideband capabilities using 
CST MS  is done to gain insight into what have been provided those key 
characteristics. 
• New designs are then investigated, with the aim of providing a wideband 
capability. Once a design with the desired characteristics is found, the 
optimizations are carried out to obtain the optimum performances at the 
desired frequencies (i.e., 10 to 18 GHz). 
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Figure 1.1 : Flowchart illustrating the methodology of the research 
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• Parametric studies are done to understand the repercussions of the designs 
variation and imperfection.  
• Prototype of pyramidal horn antenna feeding configuration design is 
fabricated and measured to verify the accuracy of the concept. 
• The results obtained for the prototype of pyramidal horn antenna feeding 
configuration are then compared with the current state-of-the-art of 
comparable probe type designs previously presented in literature. 
 
1.6 Contributions 
In this thesis, the pioneering idea of using hybrid DRA as a feeder for pyramidal 
horn antenna is demonstrated. To achieve this, a literature survey is done on the 
DRAs, including mode structures of basic geometries, coupling mechanisms, and 
state-of-the art designs. Also, different techniques to enhance the DRA’s BW are 
found and individually analyzed, with the intent of producing wideband (over 10 to 
18 GHz) frequency band. This led to new ideas and insight into the general field of 
DRA. 
The complete work has three main contributions. First contribution is 
studying theoretical limitation on the BW of the coaxial feed transition and the BW 
enhancement technique using a DRA to excite the pyramidal horn.  
The second contribution is the design and measurements of a DR feeding 
technique for pyramidal horn antenna with wideband and high gain capabilities. Two 
wideband feeder geometries hybrid printed monopole DRA (HPMDRA) and hybrid 
rectangular printed monopole DRA (HRPMDRA) were investigated for this 
particular design, both of which showed better performances compared to the state-
of-the-art. 
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The third contribution is studying the ability to excite a pyramidal horn 
antenna with the designed hybrid DRA. The hybrid DRA consists of merging a 
multiple resonant bands of the DR and the feed network. A combination of multiple 
radiators, DR and microstrip fed printed monopole for the realization of wide 
operational BW capabilities to be used later in the feeding of 10 to 18 GHz band 
wave applications. The design presents the measured impedance match from 10.8 to 
17.04 GHz (48.15%). The radiation characteristics are investigated between 10 to 18 
GHz, and showed a boresight axis gain over 15 dBi over the entire frequency band 
with 10 dB beamwidths of ± 22o in both E- and H-planes. 
 
1.7 Thesis outline 
The problem statement, research objectives, scope of research are presented in 
Chapter 1. 
Chapter 2 presents the literature review on DRAs, and its usefulness on 
excitation of the pyramidal horn antenna. Theoretical presentations of DRAs are 
provided, which include the structural modes of basic geometries of DR, coupling 
mechanisms, and state-of-the art designs used to determine such parameters as Q-
factor and resonant frequency. Reviews of few methods of enhancing impedance BW 
of DRAs were also presented. 
Chapter 3 summarizes the results of modeling simulation that were run on 
prototype pyramidal horn designs using a 3-D power modeling software CST MS . 
The rationales behind the choice of the specific dimensions used in the prototype 
antennas were fully explained. Moreover, the simulated results were also presented 
indicating the effect of varying some design parameters.  
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Chapter 4 presents the experimental results for the fabricated prototype of 
pyramidal horn antenna feeding configuration. An analysis of parametric studies and 
summary of the obtained results were also presented.  
Finally, Chapter 5 discusses the achievements of the thesis, and 
recommendation for future works based on limitation of the research.  
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CHAPTER TWO 
REVIEW OF LITERATURE  
2.1 Introduction 
With the current trend in satellite communication technology, broadband antenna is a 
part of the solution to establish a concept of wide frequency usage. They are 
responsible for receiving, decoding and converting the electromagnetic waves into 
electric current, or vice-versa. Pyramidal horn antennas are used, in particular, due to 
their suitability for high gain and broadband applications. Generally, pyramidal horn 
antennas are excited by a coaxial feed transition. However, there is a fundamental 
limitation on the operating BW of the coaxial feed transition and often been 
considered as narrowband device. This chapter reviews of the pyramidal horn 
antenna, coaxial probe transition and DRAs. Also, a review of the previous research 
works on DRAs was introduced, in order to circumvent the BW limitation of the 
coaxial transition by implementing a new feeding technique using DRA to excite the 
pyramidal horn antenna.  
 
2.2 Pyramidal horn antenna 
As mentioned earlier in Chapter One, the horn antenna provides high gain, relatively 
wide BW, low voltage standing wave ratio (VSWR) with waveguide feeds, easy 
excitation and simple construction. Many different types of horn antennas exist, 
however, the pyramidal horn configuration serves as the primary horn antenna of 
interest. A pyramidal horn antenna combines the design of E- and H-plane sectoral 
horns. The tangential components of both fields, E- and H-fields, over the aperture of 
horn are approximated in (Rahmat-Samii et al., 1995) as: 
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And equivalent current densities are given by: 
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The pyramidal horns radiate field that correspond to a combination of both E- 
and H-plane of the horn antennas. The E-plane and H-plane patterns of the pyramidal 
horn antenna are identical to their respective sectoral counterparts. Detailed 
information is given by Balanis (Balanis, 2005) and Milligan (Milligan). To 
construct a pyramidal horn, the dimensions of Pe and Ph should be equal, such as in 
Figure 2.1 (Balanis, 2005): 
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where ρe and ρh are the depths of the horn in the E- and H-planes respectively, Ha 
and Wa are the length and width of the horn, while Wg and Hg represent the aperture 
length and width. The horn radiates most of its energy along the z-axis (θ = 0o). The 
directivity of a pyramidal horn can be determined from the following equation 
(Balanis, 2005): 
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There are several possible goals for the design of a pyramidal horn. The aim 
can be for a horn to radiate a specified beamwidth, or a horn to radiate a specified 
gain, or an optimum-gain horn which attempts to produce the most efficient horn for 
a given size of aperture. Other parameters of interest to the design of pyramidal horns 
are the impedance and the phase center positions. The input impedance of most horns 
is generally well matched to the input waveguide, unless operation is near the cutoff 
frequency, or the flare angle is large so the mismatch at the waveguide-horn junction 
is significant (Olver, 1994). 
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(a) 
 
(b) 
 
(c) 
 
Figure 2.1 : Pyramidal horn and coordinate system: (a) pyramidal horn; (b) E-plane 
view; (c) H-plane view (Balanis, 2005) 
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2.3 Coaxial probe to waveguide transition 
An elaborate discussion on the coaxial probe transition was given in (Collin et al., 
1991). Initially, the coaxial probe transition is modeled with a monopole antenna 
over infinite lossless ground plane as illustrated in Figure 2.2. 
 
Figure 2.2 : Monopole antenna on infinite electric conductor 
 
The total radiated power over the upper hemisphere of radius r can be written as 
(Collin et al., 1991): 
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and η and k are the free space impedance and wave number, respectively. Equation 
(2.9) can be used to plot Im(Zin) as a function of the monopole height, h. As shown in 
Figure 2.3, the most radiated power from the antenna can be achieved with h = λ/4 
(Elliott, 2003). Therefore, h = λ/4 is the starting point for designing the conventional 
probe transition. 
 
Figure 2.3 : Calculated input reactance for monopole antenna as a function of 
antenna height, h (Stutzman and Thiele, 1998) 
 
Primarily, the electric and magnetic probes are two classic approaches that 
have been taken in designing coaxial line to waveguide transition. The major 
concerns of the design are finding the appropriate location to achieve an optimum 
impedance matching according to the waveguide walls, height and diameter of the 
probe. In a typical transition of coaxial to rectangular waveguides, coaxial feed 
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protrudes into the waveguide, which acts as a quarter wavelength (λ/4) monopole 
antenna, and is backed by a quarter wavelength (λ/4) shorted section of the 
waveguide. 
An impedance match can usually be achieved by varying any two of the three 
dimensional parameters, the probe length (Hp), the off-center position of the probe 
(dx), and the position in the waveguide (S). Figure 2.4 illustrates the monopole 
antenna probe made of a standard SMA flange mount jack connector and the 
parameters to be optimized to obtain an impedance match. 
 
 
Figure 2.4 : Coaxial transition with a SMA connector matching by dx, Hp and S: (a) 
Side view; (b) Front view 
 
Some modifications have been made to the probe regarding the enhancement 
of the impedance BW. For instance, by employing probe coated with dielectric 
material, a tuning sleeve is placed adjacent to the probe and adding a conducting 
disc-ended probe. The designs of these transitions are yet empirical and still 
challenging to enhance the impedance BW for the low reflections (Ao et al., 2008, 
Hajian et al., 1995). The analysis of this type of transition has gained immense 
attention from numerous researchers (Williamson, 1985, Jarem, 1991, Bialkowski, 
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1991). A good quality coaxial-to-waveguide transition of a solid, straight, hollow 
probe and a sleeve transition was analyzed and reported in (Williamson, 1985), 
(Jarem, 1991) and (Bialkowski, 1991). However, the aim was not at wideband 
transition. In (Bialkowski, 1991) and (Bialkowski, 1995), the transition incorporating 
a probe with dielectric coated including a disc-ended probe are considered. The 
VSWR of greater than 1.3 over the whole X-band were obtained. Many types of 
these transitions are commercially available, though most of them have been reported 
to exhibit complex structures for integration with other circuits. 
 
2.4 Tuned coaxial probe to waveguide transition 
Due to the wide difference in impedances of a coaxial line and waveguide of this 
type of transition, matching can be obtained by combining suitable series and parallel 
reactances. This transition consists of a coaxial feed which acts as a quarter 
wavelength monopole antenna inside, and is backed by a quarter wavelength shorted 
section of the waveguide. The tuning can be achieved by varying the inner conductor 
of a coaxial and the use of a shorted waveguide stub. The inner geometry and 
equivalent circuit of typical coaxial transition are illustrated in Figures 2.5(a) and (b), 
where the reference plane T is split between the waveguide and the coaxial.  The 
equivalent impedance of the waveguide is represented by a resistor. The transition is 
represented by a series capacitive reactance with the coaxial line, while the 
equivalent waveguide susceptance stub is represented by a shunted waveguide.  
 
 18  
 
 
Figure 2.5 : Rectangular waveguide coaxial transition: (a) Inner geometry; (b) 
Equivalent circuit 
  
 
 
The location, S from the closed end of the waveguide causes the signal from 
the probe to be reflected from the closed end back toward the open end of the 
waveguide as shown in Figure 2.6. Hp acts as a λ/4 vertical monopole antenna, and it 
sets up vertically polarized electromagnetic wave in the waveguide. Over λ/4 
distance, the reflected signal appears back at the probe in phase to aid the signal 
going in the opposite direction. 
 
 
Figure 2.6 : Rectangular waveguide model of the transition 
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As shown in Figure 2.5, gives the input impedance according to (Delmotte, 
2001) is given by: 
jXRZi +=                       (2.11) 
 
where 
                        














= λ
pi
λ
piλλ
pi
p
ggg
go HS
HW
ZR 222 tan
2
sin
2
                                       (2.12) 
 
                   
















+=
g
p
p
gg
go SX
H
HW
ZX λ
pi
λ
piλλ
pi
4
sin2tan
4
2
2                                  (2.13) 
with 
    
piεµ 120== oooZ Ω                         (2.14) 
 
and Xp represents the post normalized reactance with respect to the waveguide. It can 
be seen that the input impedance can be equalized to the coaxial line impedance by 
varying Hp and S since Xp is a function of Hp. For matching, the input X should be 
equal to zero (X = 0), and from Equation (2.13) gives the following expression 
results: 
 
 







−=
g
p
SX λ
pi4
sin2
                 (2.15) 
and  
        
2
1
≤pX
                  (2.16) 
 
 20  
 
Thus, Xp is near resonant condition Xp = 0. Typically the height Hp is in the 
order of equal to λ/4 at resonant. Note that the equations are applicable if Hp is 
significantly less than Hg. If Hg is less than λ/4, the capacitance action between the 
tip of the Hp and the waveguide wall determines the resonant. In this condition, the 
tuning is vitally reliant on (Hg – Hp) and the correct profile of the Hp tip. The 
following is the Xp expression given by Collin (Collin et al., 1991): 
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2.5 Pyramidal horn antenna excitation methods 
Pyramidal horn antenna has been traditionally realized by feeding the input 
waveguide with coaxial probe transition. The usage of coaxial feed transition is very 
common for low and medium power pyramidal horn antennas. However, there is a 
fundamental limitation on the operating BW of the coaxial feed transition. In some 
applications, it is favorable to excite a pyramidal horn with a printed-circuit 
structure. In such case, a transition between the coaxial cable and the printed-circuit 
transmission line can be eliminated, making it easy to integrate to horn with printed 
circuits. There have been some research results on pyramidal horn antennas excited 
by printed circuit structures such as the microstrip probe, dipole and patch antennas 
(Methfessel and Schmidt, 2010b, Caillet et al., 2010). 
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2.5.1 Pyramidal horn antenna excitation by a long thin crack 
A study on the method of pyramidal horn excitation by a crack is proposed by 
(Manoilov et al., 2007). The pyramidal horn antenna working in ultra-wideband 
(UWB) frequency range of 1 GHz to 18 GHz is given as a basic one. As it can be 
seen in Figure 2.7, the coaxial line is disposed in the middle of the horn back, which 
parallel to the wide wall is employed for the excitation. The connection from the 
coaxial line to the H-shaped waveguide is carried out by the long thin crack along a 
coaxial line formative. The complete power transmission is realized by the 
longitudinal dielectric insertion from the coaxial line to a long crack. It is reported 
that the performance shows maximal VSWR about 2.6. The method provide 
reasonably good characteristics however, it require complex transition.  
 
Figure 2.7 : UWB pyramidal horn antenna excitation facility (Manoilov et al., 2007) 
 
2.5.2 Pyramidal horn antenna excitation by stacked patch antenna 
An alternative method has been reported by (Shireen et al., 2008). The paper presents 
high gain and wide BW horn antenna excited by stacked patch antenna with 30% 
BW is achieved centered at 94 GHz. Several transitions of the coplanar waveguide 
(CPW) were reported in the past. However, all of them required truncation of the 
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planar circuit where these transitions are not suitable for antenna array configuration 
from the fabrication and integration points of view.  Shireen et al. (Shireen et al., 
2008) proposed a novel transition from CPW to horn antenna for integration with 
millimeter wave or optical receiver circuit. The method of the excitation is based on 
the slot coupling and stacked patch antenna technique for BW enhancement. The 
excitation method is depicted in Figure 2.8, showing the configuration of a CPW fed 
stacked patch with a pyramidal horn. 
 
 
Figure 2.8 : Configuration of a stacked patch pyramidal horn antenna (Shireen et al., 
2008) 
 
2.5.3 Pyramidal horn antenna excitation by Bow-tie and Vivaldi antenna 
A simple method of excitation is reported by directly placing the planar antenna on 
the pyramidal horn as illustrated in Figure 2.9 (Pítra and Raida, 2010). The result 
shows that the horn maintains the impedance BW of the planar horn feeder (i.e., 
Bow-tie and Vivaldi antennas). Both Bow-tie dipole and Vivaldi slot antennas 
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achieve wide BW of 18.49 GHz and 24.7 GHz respectively when they are placed 
inside the horn. Besides that, it is found that the gains of both antennas increase four 
times higher compared to standalone structure. Pyramidal horn antenna excited with 
wideband planar antennas provides reasonably good characteristics but the 
discussion on the impedance matching is not given. 
 
Figure 2.9 : Pyramidal horn antenna fed by planar antennas (Pítra and Raida, 2010): 
(a) Bow-tie dipole; (b) Vivaldi 
 
2.5.4 Pyramidal horn antenna excitation by microstrip antenna 
Kumar et al. (Kumar et al., 2006) reported that new integrated configurations of 
pyramidal horn antenna excited by suspended square microstrip antenna (MSA). The 
method employed is similar with the one reported by Pitra and Raida (Pítra and 
Raida, 2010) where MSA is placed directly inside the pyramidal horn. The flexibility 
in the BW and the polarization were obtained with higher peak gain of 11 dBi as 
reported in (Kumar et al., 2006). It was found that the MSA structure governs the 
characteristics of the BW, polarization and radiation patterns. The BW of the 
pyramidal horn is 185 MHz (5.7%) centered at 3.3 GHz. However, the excitation 
configurations developed are for low frequency bands. The method of the proposed 
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excitation is shown in Figure 2.10 where the pyramidal horn antenna is constructed 
using suspended square MSA.  
 
Figure 2.10 : Integrated suspended square MSA fed pyramidal horn antenna (unit : 
cm) (Kumar et al., 2006) 
 
2.5.5 Pyramidal horn antenna excitation by microstrip patch 
Recently, Ononchimeg et al.(Ononchimeg et al., 2011), have reported a new method 
of excitation for pyramidal horn antenna where microstrip patch is used in order to 
excite the pyramidal horn (Ononchimeg et al., 2011). A combination of the patch and 
horn is introduced for the center frequency of 14.9 GHz. The method is similar to the 
stacked patch pyramidal horn antenna reported by Shireen et al. The antenna gain of 
12.34 dBi is achieved with 4.1% (600 MHz) impedance BW of -10 dB reflection. 
The structure of the proposed excitation method is shown in Figure 2.11. The 
